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Abstract Robots are entering from factories and
laboratories into the urban space, to improve its
smart governance and service, alleviate the aging
pressure, and promote sustainable and resilient
urban development. The application of urban robots
has become an inevitable trend in the future
development of cities. Like other disruptive
technologies, its application will reshape urban life
and urban space, but the existing research lacks a
discussion on its relationship with urban space. Our
research defines the concept of “urban robots” and
constructs a feature analysis framework to describe
the workflow of urban robots, covering its physical,
social, and digital attributes, through a systematic
literature review of 78 WoS core collection
literatures. Based on the framework, this paper
further summarizes the characteristics of urban
robots, six of their application areas as well as
spatial problems they face such as diverse obstacles,
lack of structural rules, and a high likelihood of
cross interference. Finally, in order to solve the
spatial problems faced by urban robots and place
some limits on their behaviors, this paper, based on
design cases, proposes exploratory strategies for
urban space response and coordination, so as to
promote thinking about future urban space design.
Keywords urban robots; future cities; smart cities;
spatial response; literature review
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Bk G240/ FF ( Lavaei and Atashgah, 2017 ), HLa§ ABCARUERBALHOFEESBA D1 ( Messina and Jacoff,
2007), &AFAHZE NI ST (Rahman et al., 2016 ) X EELE ( Grigorescu et al., 2019) [¥)
e, HIIABAIREL T L EF] (Wei et al., 2013) %5, XA IHBERFE T 3R1T 0 LE AT Fiisk
R R ATE T, A B T RIS I IR S B HE B ( Grau et al., 2018 ), i,
IR TCHE AR, HLas NRIE T2 TAE, WA JoEe ik St 24 SR PR RS I B ( Bruno
etal,, 2019) %5, WD ROMBRI TN AN 2 28 A R D

VFE A TR O ST AR LA ABORE iR s i B SR PPN E LT B Bilan, AY
R KT A DRALE , PE T BT R SR I 557 i FRR tHIE TATLRR A BRI B 32 i
i ( Golubchikov and Thornbush, 2020); HAYE “ft2y 5.0 Jilit” (Society 5.0) FfgHIs il A
RHA BT DL Rt 2" (R BN, 2019), KRR ESR I H tRAles
NN KSR 35, 1 4R U8 ( Woven City ) 3545 7 IHLZE AL R, 5 0eLas A
TEWT RIS (Toyota, 2020); “ZE1113EURT” (Busan Eco Delta Smart City ) N L FLEE
NBER T IAENG R, BRI . PRFESS %K (Smart City Korea, 2018 ),

TEFRIE, BLEs A 5 KA E 4 2 —, PO AL AR R ) ( TAEHS
A (2021) 206 5) $2th “Mlas AR EEIRSS . ARG . BTHER . FRe sk, Frokirbsle
MRS K R ATEI T H B F T AT 38N A T2 88T, $i g A )P RNAE T T
TRAF AR R R . FATSHIE TR TAERS S, BT AR AR BN 5 5o

TN VR B R rT A AR R semn A gk . —J7 i, MIES ACENEE MR 2 —F
S AT AN, 40 A B PR R AR S5 B RS A T A = S I B AR, LR
N SRS N TAERIAT 27730, HARRR BRSSO BE ol ] e 55 A 8™ A= e A B sl i A8 1%
G H 57 AT CRR A E78(R]) 4, XS IR 2O RS T B = It 5—
T, Aes ARG ER 28 Rl okt b Pt Bzs[a], JF SR o™ AR 2SR 22 UL, i DAZS LT
VAR T LHEETE R 7 SEE R as (8], PR, ST I LA A STBRIE ) B o T s (RO

BEAT SRS A\ Sk e R HORTIt 2 M HIE T ( Sanfeliu etal., 2010; Sindietal., 2018 ), Af¥
520 (Hayashi etal., 2011), RN M (Liuetal., 2020; Tiddietal., 2020) DA TEHISZE ( While
etal., 2021) FJ7HFATINE, (ENH ST Z RN AR Z SGF . X, AScms R
GME SRS, IS TR T LA A T ERFRAORFAE AT AEZE , B SEALES AR HIBRIR M2
[IFEK, JFEE G TR b S AR R 23 AR AL S Ik 7 2 (AT RORS SR, DS ARk T 25 R o
RPHRZENEEE

2 WGk
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s(a)” LRI A AR THnE . ) a M A SRR ) (Pratt et al., 2002) DLAK
LR N AN 2 R o ifn AL A7 T SR SRS S TR s 94k ( Tiddi et al., 2020 ).
BTN BB LA AR AR AR S, (AR (Al EERE 1 Al A] A
Zelt ) Aneslalsnn (EEOhZi ), HEBAITRvheiss e, WA AASITIE .

21 RGENCIRERE

AT T LR AL FR O, ASCR I R Feid SCRikZ7R 7 ( Systematic Literature Review, SLR )
(1), I WoS U884 (Web of Science Core Collection ), #IH#:ZL LT 2000 FHiHI#F
NMARS 2N T R, HAER ABOR R R, B RS S B AR, IRIaesE 2000 4F 1
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Interaction ) F4E=/ANE AR, BINIERA . o Ains 80 (Tiddi etal., 2020 ); RSN EERE
B BRI 2 AR RE TR, TTEESE A BRBIRIALES A= F M EBHLH (F—F . B,
2021) %, FEMCELRE F, ASCHE— T LRR AR S AT AE S A S = AN JE ik (1 2): PrRm i,
FIRTHAE MRS SR, 78 TR R R SR T s A RIIER A (1. TERSEFAE ), BT
S AT RS RS (2. SHAR); tEa B, BHPUTESHN S AR, affiHigshas
[ S5 AREE SR AR (3. 353hE ) DARRSI S5 A E (4. SAEHD)); Fpmtt, 18HE
SRS R B R S e R 5 SECT SR A IR A TR (5. BRILE ), &
WREFIE A HTHERR QISR 1, SRR oy 2 MFE R A B S B 1 25 5 AR ASCR A T 2EA T 1IR3

VIR EM BN
1. ST 3. AN

.E, 2. St .E. 4. 5AEF

I rl?

2 RN B AERGE S

3 Sl pLas AR LR

3.1 kit E by

X 78 ESCHRE REM I T (B 3), Blas AN ST AR 2 S e HAE (56 R,
71.79% )o “9 + 117 FPFhHLEE NFBARCR FEHE RAER, Xty ah 17 21 20 E e A b
YT A AG (Pratt et al., 2002), GV . A TRREERBGALLK “ Tl 4.07 “FE
PR SERESIOTE , A SCRRERAE 2010 4, 2018~2020 FEFRR H BRI K15 B
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MR Z R JEE (95, 11.54% ), K (755, 8.97% ). HiIE (6 4%, 7.69% ) FIEEE (6 53,
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FEASCHR, KRZHA T NAR ARSI RN (56 5, 72% ), HARSCRNSSESTHTL
e AN P50, AR IR O FRSENR ( Tay et al., 2018; Hayashi et al., 2011), XfERFA
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etal.,, 2010), XAESITMIEN (Goddard etal., 2021) Z (& 6),
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PRI, WS AEESSBIAE AR AL, iz las A AN, S0yt
UGN, SRMEREERAED, TR, LR S LS AUE ] GPS sE 7 ERE
B4 M (Georgiev and Allen, 2002 ), P SHLH S HAL S IMILE AR SAUT R BAESAF v
W Cangfigzsial ), GPS ST EYYEM (Capietal., 2014 ), #23 @k, AMERRO#RES 2
i H WA LEe TG sz ), H 2 0TI 2 (R TR sl S IR 5%, 5 ARG S As B
FESNEBTH, DASERERIA it T, 2008 ha). (AR RZMTIss A5 AN H5)
PTG, dnta Do it LA A B BT, R B ibLas AR S R
EIHPITES I T X, EREDIRMBORII B, BB LA TG S R P Les N2 2 e
et i

SRS, Siliblas A BT 2R UBE 02, Find iR A== o 3= 2R shAnge
BRSSO 2sI0], FFEE S AR TR SR E B s, HRAAMIE = Hdhm i e

3.3 Sl HLAS AR Bl e ik

A — A B TR AP AR R FRATUEON SCEE B T43 2R BE, T 41 %% sk i Las AR
FHEUR MR . 855 a1 97525751 ( Golubchikov and Thornbush, 2020; Kapitonov et al., 2019;
Macrorie et al., 2021; Puig-Pey etal., 2017; Riveraetal., 2020; Tiddietal., 2020) (3 2) MAIKEFE
ARG, ASCRILAA Yy Wi e 55, Sahidhg S4eh, Bt S, irEg, o
AP, BUEAZIE . Gt ST LR N B Tt e A B S5 DA KBS S A b (1 8), X 5%
Al AN IR EIA a5 AL SR B R R e NIt 23 (RIS AT .t 2Pl 2.2 HfAE
S ATRE RO 5 I AT HR 53 B A TRAERR IR, DA R 5T 4 T R ok i e AR AN [R5 57
AR
330 Wik e®Es

AU EA A I AN R A BRI MRS A (Urban Search and Rescue, USAR ),
W AE O AE T 2 TAE . AERIEBERE R, ST MESS—Beds B 3= S N B ER
h, REISZFEEH WA VG, RSB, RAEERTReRueke (FF. . SR,
M), NEREIR SN ( Dissanayake etal., 2006 ), I 2EITHI# NI L FIELRS, ki,
s M, AT ASFI 2R TAE ( Messina and Jacoff, 2007 ), Hrm# 2 hfEirAnget (] 9),
JEHY T DA B FUBR G AR A AT, BN R R RS . AT AR R, 2 R IR 2 AL
N1 281NN | = W B [ A i s € RS N v s S A | 2 AN VIR AN S8 ST R (NI v
R RS ORI 2, BV RS e s, s (Z090) BARNL. A, Both

. THIEE.
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H ST 2 4 TR e R E 2R84 ( Choe and Chung, 2012; Ermacora et al., 2016;
Rahman et al., 2016 ), 1EEZRFE HARA DL (Leong etal., 2021; Merino etal., 2012 ), 1@ o AFLELHE
N2 A (He etal., 2019; Livetal, 2011) %. SERNA, BEAHLE AT B
TR AR R 2422 BEES (Bruno etal., 2019), ESHIER A2 A5 ER A, PLABIMs R BT
Hito
3.3.2  FHESHE

WrALER AR A B T s s, BN AE A BRI A\ SS9 R SR B Dl P pE . He
W A RE)/ NUERER 3 28044 ( Hashimoto et al., 2014; Yokozuka et al., 2012) $2E 55 RHATS
it A E RAWIER AN 28 R RN SR A LS00 (Wei etal., 2013), 15k, H
WS IRS AR AE LA AR, A ahfERSs ( Grigorescu etal., 2019), JRJgE—bHEy (dFepik
I ( Internet of Health Things, IoHT ) ( Calp etal., 2022) WS AREITIRR ., HAHIFAETES A
FIATREEE ), Ay BRI e R AS M S AN | REER R RAER R, slaR N EGRATA
HITEEIRAS (Grigorescu etal., 2019), PUHEREIVEAL . H &R /M A 2K E 5 1R A
%6 (Capietal., 2014),

3.3.3  JEmfiieitidis Sk

BIEs NAEEIS . RSl R AR5 T R AR, RO R 2 g 17 -3 6 Atkas
TS S IR TR T C ) N HIPLRs NS TRIRG . IRBEHATENSRM i, BERIhem ™
e, Wl TEse st R IR LR s EbRAEC LI (Fleckenstein et al., 2022), ok
SR P AN T i (Willmann et al., 2015 ), 7E3ERHEHE H B 4E T THALES A RIFEL 1535
TERL, IR A . Wi . akiEdEdr . WA A (Saboori etal., 2007), 3 a8 LRI
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M ( Bianchi Filho et al., 2018), T/KHEMLEY" ( Grau et al., 2017; Le and Ngo, 2019), ZrHifY
el (Gravalos et al., 2019) %5, HAA L A ZAEEMIETENINT 2SS 5, PRSI H )
FEAR, JHRD TR (E9),
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IfIl%5 ( Sato-Shimokawara et al., 2008 ); J& BRI LA SR, 1NN BRIE SR RTT
A, W ANEE. WA BRI A shi %5 A% ( Hoggenmueller et al., 2019 ); FT-HUWIE s H 5h,
QRN N TS Bl 1 AR B S I R AE MR LAS A (Ergin et al., 2018 ), s7F# A/ m AL 25 A
( Hoggenmueller and Hespanhol, 2020 ), X5 AMLE sh#ur B v AE gk ABER) OB EE ( Biloria and
Dritsa, 2018; Kim etal., 2010 ), IiiHles NFFES AT E5), P BATRBTHE S 16
77 ( Sato-Shimokawara et al., 2008 ),

3.3.5 Iinin

SRR P S A TR B BORT-BUigde B v 2% S B IR0 A By K0 ik B
Je. ZIMBEIESE N, EPHM (Internet of Things, IoT) BORC ZMN MY T, HLs AERHT %
SRy, BARE, HRAITRET), RN i, SRR AL Geii 2 ks BE TR
B ECRIOAE (Bardaro etal., 2022 ). ML APECRY (the Internet of Robotic Things, 1oRT ) HIME:
FEtHEL (Livetal., 2020), XAMUATEIF ) Zr08dRE, T AR A B SH0s58 61407,
ROk B AR B T O SE RS (S 2. (Beigi et al., 2017 ) M 054 BB 0 T F i g
(Ermacora et al., 2016), AXGHRHE AIBET . AHLE ARSI RE Al DABE TR AR RE A2 A5 S5 AT
MBI LR, B PR AT DRI Lae AW DU AT Zh AR B8 AN ] DX R AN ) Ze it
RIS, AL A TSRzl AT SRR S R EdE, DSR2 ie . s
T APUEER . CeMpisii s T/ (Abbasi et al,, 2018; Rolddn-Gémez et al., 2020 ), 76 A G2
I, SRR A PARIBTEE , REUIEIR , IS5 E BBk ai SRR A B1UBER( Merino
etal., 2012), ZitFrEsfr A% (Beigietal., 2017), FARERAES]SARSS (Rahman etal., 2016 )
2 MR DA R Bk fs LK Bh5 855 (Ermacora et al., 2016 ). ZSHHLEF B4R AY)
HRPAF) EETEARAL (1 9),
3.3.6 BExNE
Blas A B S0 RS s al st Sl it se, iR AASengizt, AR S sz

W TR D@, Remsideemeatt. Buvis S 2N T ieitsitcs, aRH
TeINIEE TN 2555 K A0, (Lavaei and Atashgah, 2017 ), i b A #S Az &ihah
kP (Byunetal.,, 2010; Corno and Savaresi, 2020; Silvestri etal., 2019; Valdezetal., 2021;
Bakach et al., 2021 ), EHFEHF ATt A IR ENY SR, 1 “Starship” ( Valdez et al., 2021 ), “Kiwi”
(While et al., 2021 ) A RICRHARE TIPSR TR . — B RbTiskmblas A
SRR, LR A St e — A A E A2 (Bakach et al., 2021), FEI5 I,
TAEMRER M HLER NBC R RS TIRRAEI], X @niids . BURALSIE 45 N RS s 380k 52
R FIHIAICHLTEE (Valdez etal., 2021 )o BRITIBCIASS, JiiHLas ik vl S22l hEsc B, K
R mmEEE, 58T ALl  (Shut and Kasyanik, 2013) %5, HISRmtlas A\ 2
EZS R AATIEZSR], HFREE AN TSR & B 5
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3.4 WPLES AR i A il

IR s AN T30 S80I T LA D 2 30T G, DA IR 2 22 B R MBS
SEE IR T AL AN = A2 mi R 22 RS (1 6), ASCHE BT AAAE R 32 40 B 45 i 5 1 -

—J7 1, BWlHER NS ANRCRAAE S BB—, BN RS e InEATF S35 #6e
Mlas N TR B S F b B, gEifn b HSE 2 (030 2 R X B A2 b rli R85 ( Loke,
2019 ), XSS HHEAK L, HAE IAELRBTIRIRR 17 , BEMELLGRAT B Bk /IRSS ( Valdez et al., 2021 ),
B, AEACPREETT I, Sl las AR A SN TG AT AR RACEBARRT A AL, BARAALEE 1 2 (]
( Sanfeliu etal., 2010; Sindietal., 2018 ), 5 —, {F ASGIkMAlEs AL zs g i, Al A
MR RR Y EAR, AP AR B S lae Nimsoh AR (8, HEn e o gl ™4k “Wag”
1120, o AT RS, R AR AT BRI R S s A ( Salvini etal., 2010 ),

ST, AR AR R Z AR SR . ST LR A B RAT B ARSI MEEMYE T
wit, S AR B EE IO BT AEAE k2 (Salvini et al., 2010 ). [FIMF, xR 23 Al 5 % ik >
P RE: FREGH S XM E BRI E, dndb st = o] H 2 2B sl Ok A (Jo NBCR 2 S
BN ) AT BRI o vE B B EHLaS AR AT RS FAT3E (Salvini etal., 2010 ); FEE{GH
INARVIHLER ASEAA T _EE4Ti2E (While etal., 2021 ),

4 Bl LA N BT 3ok 13 2% 0] kS

PRTTALAS AME R [ Sk b Japtias i), S5 E sy e TH S5 ARkl s, T
JE PR S R T A A R B o AEPIRBORAS S, VA% BB R RE S AT
ATE 7 MBS AL 7 A 7 B, 1Y N, Bl A 2 BT AR, alizsinl
A B R,

AR (Nagenborg, 2020 ) HEHEEN]: “FRAI TN ZoWHIES A BT, 2 ki AaENIEs A2 7
FZTREH AR R — T o LR A C AN e SN L 5 AR S5 2 1T 12 AR T ASE B 3 T PR35 ( Forster
etal., 2011), [FIALAE SRS K2 b9t e o B AR TR AR R B LA SE M 25 A, B fa B S5 1
BV I A E o BT 28 (AT DA—E AR T g EL TG s (R0, (RIS th A5 B2 HA T A M —
SEPREN, DARIEER AN FHA 61 5N . SRR AR 7E AR ATt AR FH A= 2 [l [ R 1473
I (Nagenborg, 2020 ),

ARSCEETAEASCRFIE S AT A5 3T LA ATE R H e R s 2 (Rl , 2l th s [l
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J£77 (Tiddi etal., 2020 ).
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